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Figure 10.1  Stacking 

 

X. Mode s  o f ope ration  

 

 The Antiproton  source can  be configu red in to severa l opera t ing modes. In  

addit ion  to an t iproton  stacking and t ransfers, there a re modes tha t  u t ilize 8 

GeV protons. Protons provide a  readily ava ilable source of rela t ively h igh  

in tensity beam for  tune-up and studies. The an t iproton  source has a lso been  

used to provide beam for  exper imen ts housed in  the A50 pit . Each  mode of 

opera t ion  tha t  has been  used to da te is summarized below, with  the except ion  

of 8 GeV proton  t ransfers from Boost er  using the decommissioned AP -4 line. 

 

 A. Antiproton  s tacking  

 Two Booster  ba tch es a re in jected in to the 

Main  In jector  and merged in to to a  single 

ba tch  via  an  RF man ipu la t ion  ca lled slip- 

stacking. Slip-stacking provides a  h igher  

in tensity beam per  pu lse to pbar . After  slip-

stacking, the beam is then  accelera ted  in  the 

Main  In jector  to 120 GeV and bunch  rota ted. 

The shor t  bunch  length  beam is extracted 

from the Main  In jector  a t  MI-52. Beam is 

t ranspor ted down the P1 and P2 lines, then  

directed in to the AP-1 line (see figu re 10.1). 

The protons con t inue down the AP-1 line 

in to the Target  Vau lt  where the beam 

str ikes a n  Inconel ta rget . Downstream of the 

ta rget , 8 GeV an t iprotons, a s well a s other  

nega t ive secondar ies, a re focused with  the 

Lith ium Lens and a re momentum selected 

with  the Pu lsed Magnet . Pa r t icles tha t  a re 

off-momentum or  posit ively charged a re 

absorbed in  a  beam dump. The secondary 

beam travels to the Debuncher  via  the AP2 

line where most  of the non -pbar  secondar ies 

decay away. Of the remain in g secondar ies, most  a re lost  in  the first  dozen  

tu rns in  the Debuncher . On ly a  small fract ion  of an t iprotons with  
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Figure 10.2  Pbar  t ransfer s 

to Main Injector  
 

 

appropr ia te energy su rvive to circu la te in  the Debuncher . For  every million  

protons on  ta rget , on ly a bou t  20 an t iprotons make it  to the core. After  

debunch ing and cooling in  the Debuncher , the pbars pass th rough  the D to A 

line and in to the Accumula tor . Successive pu lses of an t iprotons a r r iving in  

the Accumula tor  a re 'stacked' in to the core by 

ARF-1 and stochast ic cooling. Associa ted TCLK 

resets a re Booster  $14, Main  In jector  $29 or  $23, 

Debuncher  $80 and $81 and Accumula tor  $90. 

The Main  In jector  can  pr ovide beam on  either  a  

stacking-on ly cycle ($29 even t ), or  a  mixed mode 

cycle with  NuMI ($23 even t). Stacking-on ly 

cycles a re a t  least  2.2 seconds long and can  be 

extended to improve the stacking ra te with  

la rger  stacks. When  Main  In jector  is runn ing in  

mixed mode, beam is provided for  both  pbar  

product ion  and NuMI in  one cycle. The beam to 

each  a rea  is extracted separa tely in  both  

loca t ion  and t ime. The pbar  product ion  beam is 

extracted first  up the P1 line and a  couple of 

milliseconds la ter  the Nu MI beam is extracted 

down the Nu MI beamline. Beam to NuMI is a lso 

bunch  rota ted, bu t  extracted with  a  sm all 

momentum spread to min imize losses in  their  

beamline. The mixed mode cycle maximizes 

beam to both  a reas and can  repea t  with  a  2.2 

second cycle t ime. 

 

 B . Antiproton  transfe r 

 Pbars a re unstacked from the Accumula tor  core with  ARF -4 and 

accelera ted to the extract ion  orbit . The ARF -4 voltage is then  increased to 

na rrow the pbar  bunch es. The Accumula tor  extract ion  kicker  impar ts a  

hor izon ta l oscilla t ion  on  the beam so tha t  it  passes th rough  the field region  of 

the extract ion  Lamber tson  in  A30. The beam is ben t  upward by the 

Lamber tson  and a  C-magnet  in to the AP3 line (see figu re 10.2). The beam 

con t inues down the AP-3 line, skir t ing the Target  Vau lt , and en ters the AP -1 
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Figure 10.3  Reverse Protons  

line (runn ing a t  lower  cu rren ts for  8 GeV opera t ion ). The AP -1 line connects 

to the P2 line a t  F17 where a  B3 dipole magnet  and 2 C-magnets bend the 

beam upward to the t ra jectory of the old Main  Ring. Beam con t inues down 

the P2 and P1 lines and is in jected in to the Main  In jector  a t  MI-52. The pbar  

beam is dest ined for  the Recycler , where it  is  stored un t il needed in  the 

Teva tron . Sign ifican t  TCLK resets a re: Main  In jector  $2D and Accumula tor  

$90 and $9A.   

 

 C. Re ve rse  protons  

 Protons in  the Main  In jector  a re not  

accelera ted, remain ing a t  8 GeV un t il being 

extracted a t  MI-52. The protons t race the 

reverse pa th  of the beam in  an  an t iproton  

t ransfer  (see figu re 10.3). The protons en ter  

the P1 line and con t inue down the P2 line to 

the F-17 loca t ion . The B3 magnet  a t  F-17  

funct ion s as a  switch , either  select ing the 

AP1 line or  the P3 line.  If I:F17B3 is 

powered, then  the beam is ben t  upward in to 

the AP-1 line. Beam is then  ben t  

hor izon ta lly in to the AP-3 line with  EB6, 

powered by D:H926. EB5 and EB6 make up 

a  dogleg tha t  diver ts  beam a long the ou tside 

of the Vau lt . After  passing th rough  AP -3, 

the beam con t inues th rough  a  C-magnet  

and the field region  of the extract ion  

Lamber tson  (ELAM) which  bends the beam 

upward in to the Accumula tor  a t  A30. The 

extract ion  kicker  in  A20 deflects the beam 

hor izon ta lly on to the closed orbit  of the 

Accumula tor . 

  Reverse proton  mode complimen ts stacking in  the sense tha t  the pola r ity 

of the Rings and beamlines do not  need to be reversed. Reverse protons a re 

used dur ing Collider  opera t ion  to tune up the beamlines pr ior  to a  pbar  

t ransfer  from the Accumula tor  to the Main  In jector . Reverse proton  mode is 
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 F igure 10.4  Forward Protons 

 

a lso used for  studies in  both  Rings and a ll beamlines. If desired, p rotons can  

be extracted from the Accumula tor  and sen t  down the D to A line in to the 

Debuncher . Beam can  then  be in jected backwards in to the AP -2 line and 

t ranspor ted to the Target  Vau lt . Sign ifican t  TCLK resets on  reverse proton  

cycles a re a  Booster  $16, Main  In jector  $2D, and Accumula tor  $93. 

 

 D . Forw ard protons  

 8 GeV protons a re extracted from the Main  In jector  and con t inue in to the 

AP-1 line in  the same manner  as in  reverse proton  mode. At  the end of AP-1, 

beam is sen t  to the Target  Vau lt  in stead of in to the AP -3 line (D:H926 is left  

off). In  the Target  Vau lt , the ta rget  and Lith ium Lens have been  pu lled ou t  of 

the beamline and the pola r ity of the Pu lsed 

Magnet  has been  reversed. The Rings and 

beamlines downstream of AP -1 a lso have 

their  pola r it ies reversed. Th is way the 8 

Gev protons can  con t inue in to the AP -2 

line, the Debuncher , the D to A line and the 

Accumula tor  as requ ired (see figu re 10.4). 

The proton  beam cou ld a lso be in jected in to 

the AP-3 line, bu t  it  is normally more 

conven ien t  to use reverse protons. 

 Forward proton  mode can  be usefu l for  

phasing cooling systems using h igher  

in tensity beams and other  direct ion -specific 

studies in  the An tiproton  Source. Th is 

mode was most  commonly used a t  the 

beginn ing of runn ing per iods to phase in  

the Debuncher  cooling. In  Run  II, upgrades 

to the Debuncher  cooling pickups and an  

increase in  pbar  in tensity has a llowed 

phasing to be accomplished with  pbars in  a  

normal stacking configu ra t ion . Sign ifican t  

TCLK resets for  forward protons a re a  

Booster  $16, Main  In jector  $2D, and a  

Debuncher  $85. 
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Figure 10.5  P roton Stacking 
 

 

 E. P roton  s tacking  

 In  proton  stacking mode, the beam 

follows the same pa th  as for  an t iproton  

stacking, bu t  proton  secondar ies a re 

stacked instead of an t iproton s (see 

figu re 10.5). To accomplish  th is, 

pola r it ies of componen ts downstream of 

the ta rget  a re reversed. In  the Target  

Vau lt , 8 Gev protons a re focused and 

charge and momentum selected with  the 

Lith ium Lens and Pu lsed Magnet  

configu red for  protons. The pola r ity 

reversa l not  on ly includes the Rings, 

AP-2 and the D to A line bu t  a lso the 

dampers and stochast ic cooling systems. 

 Proton  stacking has been  used to test  

the limits of the stacking ra te by 

stacking secondary protons in stead of 

an t iprotons. Proton  secondary flux to 

the Debuncher  is abou t  six t imes grea ter  

than  tha t  ach ieved with  an t iprotons  due 

to the product ion  cross sect ion  of 

protons. Th is is pa r t icu la r ly usefu l for  

test ing cooling systems under  

condit ions simula t ing increased in tensity, most  nota bly the stackta il system . 

Proton  stacking studies a t  the end of Collider  Run  1b a t ta ined a  peak 

stacking ra te of 12.2 E10/h r  (as opposed to 7.3E10/h r  for  an t iproton  stacking 

ea r lier  in  the run ). Sign ifican t  TCLK resets a re the same as du r ing stacking, 

a  Booster  $14, Main  In jector  $23 or  $29, and Accumula tor  $80 and $81. 

 

F . De ce le ration  

 In  1986, an  exper imen ta l pit  adjacen t  to Accumula tor  st ra igh t  sect ion  50 

and a  coun t ing room a t tached to AP50 were constructed. The pit  and 
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coun t ing room were bu ilt  to provide space for  exper imen ts in terested in  using 

circu la t ing Accumula tor  an t iprotons. Exper imen t  E760 was the first  to make 

use of the new facilit ies. The goa l of the exper imen t  was to measure the mass 

and width  of charmonium sta tes by means of p– - p collisions. A charmonium 

sta te is produced when  a  charm and an t i-charm quark pa ir  a re produced and 

bound together , br iefly orbit ing each  other . The quark pa ir  is very shor t -

lived, decaying in  on ly 10
-20

 seconds. The angu la r  momentum from the 

spinn ing quarks con tr ibu tes to their  tota l energy. There a re a  number  of 

differen t  charmonium sta tes defined by the ra te a t  wh ich  the quarks rota te 

a round each  other . 

  The main  componen ts of E760 were a  hydrogen  gas jet  ta rget , wh ich  was 

the source of the protons, a  pa r t icle detector , and the Accumula tor , wh ich  

provided the an t iprotons. The gas jet  ta rget  provided an  in teract ion  region  of 

rough ly one cubic cen t imeter . Circu la t ing an t iprotons in  the Accumula tor  

pass th rough  the gas jet  and some fract ion  of them in ter act  with  the 

hydrogen . 

 The Accumula tor  was modified to serve as a  decelera tor  to reach  the 

necessa ry energies, the lowest  of wh ich  is a t  3.770 GeV. Some of the desired 

resonances a re loca ted below the t ransit ion  energy of the Accumula tor . To 

reach  these energies beam was decelera ted below transit ion . To accomplish  a  

decelera t ion , a ll power  supplies and the ARF-3 frequency were ramped down 

in  a  very precise fash ion . Because the velocity of the beam was reduced 

dur ing decelera t ion , the cooling system delays were a lso lengthen ed to 

main ta in  the proper  phasing. Quadrupoles, sextupoles and octupoles were 

ramped to keep the tunes sa fely away from resonances. Specia l code in  the 

pbar  fron t  end provided the ramp waveforms necessa ry for  the decelera t ion .  

  The beam was kept  on  the cen tra l orbit  so tha t  it  wa s cen tered in  the 

aper tu re in  h igh  dispersion  regions. A new set  of 2 -4 GHz core momentum 

pickups was added tha t  was sensit ive to beam on  the cen tra l orbit . The 

pickups used dur ing collider  opera t ion  a re loca ted a t  the core and not  

su itable for  cooling beam on  the cen tra l orbit . The 4-8 GHz core momentum 

pickups were moun ted on  a  motor ized stand and cou ld be moved to the 

cen tra l orbit . 

 The E760 run  took place dur ing the 1990 Fixed Target  run  with  the 

Antiproton  Source dedica ted to runn ing the exper imen t . A typica l sequence 

of even ts was as follows: one or  more sh ifts of stacking to accumula te severa l 
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10E10 of pbars with  the stacking cycles occurr ing in  the 56 seconds between  

Teva tron  in ject ions. After  the appropr ia te number  of an t iprotons was 

stacked, Physicists and Opera tors in  the MCR decelera ted the beam using 

the sequencer  program . After  the decelera t ion  was completed the exper imen t  

wou ld conduct  hours or  days of da ta  taking a fter  wh ich  the cycle wou ld 

repea t . 

 Exper imen t  E835 was a  progression  of E760 and took da ta  du r ing the 

1996-97 Fixed Target  run . Among the improvements for  E835 was an  

upgraded detector  with  a  liqu id Helium cooled ca lor imeter , wh ich  requ ired a  

stand-a lone Helium refr igera tor  a t  the AP -50 service bu ilding. Th is prompted 

the reloca t ion  of the A:QT power  supply from AP -50 to AP-10 to provide 

room. Con trol of the decelera t ion  ramps was in tegra ted in to the Pbar  fron t  

end instead of an  auxilia ry fron t  end as was done with  E760. E835 was 

pr imar ily in terested in  improving their  sta t ist ics on  the 1P1 resonance and 

a lso a t tempt  to observe the Eta  c' resonance which  had never  been  observed.  

 E862 ran  in  pa ra llel with  E835. The exper imen t  was involved with  

measur ing an t i-Hydrogen  a toms crea ted by the E835 gas jet . A separa te 

beamline extended in to the tunnel a isle downstream of A5B3. The beamline 

included a  table tha t  con ta ined a  st r ipping foil, magnets and a  posit ron  

detector . Downstream of the table was a  pa ir  of dipole magnets and th ree 

wire propor t ion a l chambers, with  the line ending a t  an  an t iproton  detector .  

 Not  a ll exper imen ts requ ire a  dedica ted runn ing per iod dur ing Fixed 

Target  opera t ion . Dur ing collider  run  1b, exper imen t  E868 (a lso known as 

APEX - Ant iProton  EXper imen t), had a  successfu l run . Their  goa l was to 

make a  lower  est imate of the lifet ime of an  an t iproton . Most  of their  da ta -

taking t ime was dur ing in ter rupt ions in  stacking. 

 

 

  

 


